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BULLETIN 265 JANUARY 1936 
Phosphorus Supplements Improve 
Sugar-Beet By-Product Rations 
for Cattle 
E. J. MAYNARD, J. E. GREAVES, AND H. H. SMITH 
The farmer or feeder who combines farm feeds and by-products to produce an 
adequate livestock ration receives a much greater net return for his operation. (Co-
operative demonstration, Garland, Utah; U. S. A. C. Extension Service and Utah-
Idaho Sugar. Company.) 
UTAH AGRICULTURAL EXPERIMENT STATION 
UTAH STATE AGRICULTURAL COLLEGE 
LOGAN,UTAH 
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Phosphorus Supplements Improve Sugar-
Beet By-Product Rations for Cattle l ' 
E. J. Maynard, J. E. Greaves, and H. H. Smith2 
INTRODUCTION 
In sugar-beet producing areas of the Intermountain West and Pacific 
Coast beet by-products constitute a most economical source of feed for fat-
tening livestock. 
In Utah there are available each year some 144,000 tons of wet beet pulp 
and some 20,000 tons of beet molasses; in addition, about 6500 tons of dried 
molasses beet pulp are available in the form of meal or pellets (Appendix 
Table 1). 
Practically all of this livestock feed supply, with a nutritive value equiva-
lent to approximately 41,000 tons of corn or barley, has been fed, together 
with alfalfa hay, to cattle or sheep for maintenance or in the production of 
meat, wool, and dairy products. 
In fattening beef cattle in Utah it has long been customary to feed rations 
composed of these beet by-products in conjunction with alfalfa hay and 
with or without a small grain ration, usually consisting of barley. 
It is estimated that between 200,000 and 250,000 head of beef cattle are 
fattened each year on beet by-product rations of this sort in the sugar-beet 
producing states of the West. Of this number, Utah fattens annually about 
15,000 head (Appendix Table 2). 
Although both wet beet pulp and·beet molasses have long been recognized 
as excellent carbonaceous or fattening feeds, when properly balanced with 
a nitrogenous roughage their use with alfalfa hay and grain in fattening 
rations for cattle has often failed to produce either maximum gains or great 
efficiency in beef production in the feedlot. 
A decided improvement both in rate and economy of gain, however, has 
resulted from the addition of certain supplemental concentrates to the wet 
pulp molasses-alfalfa-salt combination. 
In a cattle-feeding experiment conducted in 1917 in cooperation with the 
Haley-Harris Company at Sterling, Colorado (Appendix Table 3), the Colo-
Acknowledgment: Grateful appreciation is expressed to Wendell Reeder for determina-
tions of phosphorus and calcium content of feeds and blood in the tW() experimental cattle-
feeding experiments. Appreciation is also expressed to the Utah-Idaho Sugar Company for 
cooperation in conducting a feeding experiment at their factory feed-yards f()r comparison 
with results secured under Station feedlot conditions and to the Extension Service of the 
Utah State Agricultural College for cooperation in conducting the demonstration experiment 
in these factory feed-yards. The studying of special phases of this pr()blem has been partly 
financed by a fellowship granted by the Pacific Bone, Coal, and Fertilizing Company, a sub-
sidiary of Consolidated Chemical Industries, Inc., which als() furnished steamed bonemeal for 
the feeding trials. The assistance of this company has been in no wise contingent upon find-
ing results favorable to their products. Other companies have also volunteered material, but 
it was felt that the material selected represented a standard product of the supplement 
desired. 
'Contribution from Departments of Animal Husbandry and Chemistry, Utah Agricultural 
Experiment Station. 
2Animal Husbandman, Chemist, and Associate Animal Husbandman, respectively. 
Progress Report: State Project 133-Cattle-feeding Experiments (A Study of Effect of Cer-
tain Protein Concentrates and Phosph()rus-carrying Feeds and Minerals when Fed with 
a Basal By-product Ration to Fattening Cattle). 
Publicati()n authorized, N()vember 4, 1985. 
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rado Station found that the daily addition of 3 pounds of cottonseed cake 
to a wet pulp-molasses-alfalfa-salt ration increased daily gains on three-
year-old steers from 1.54 to 2.48 pounds per head. Cottonseed cake also 
produced a significant reduction in feed cost per unit of gain. At prices 
used, it reduced the cost of producing 100 pounds of gain from $6.51 to 
$5.69. Each ton of cottonseed cake fed in this test replaced 15.7 tons of 
wet pulp, 1 ton of beet molasses, and 2.8 tons of alfalfa hay (Appendix Table 
3), consequently returning a much greater value than cost. 
Similar beneficial results with cottonseed cake were secured in 1928-29 
and again in 1929-30 at the Montana Experiment Station in two cattle-feed-
ing tests in which sugar-beet by-products were used (Appendix Table 4). 
In the first of these tests (conducted during the winter of 1928-29), the 
daily addition of 1.4 pounds of cottonseed cake to the beet by-product ration 
increased the daily gain per steer from 1.19 to 2.16 pounds, at the same time 
reducing the feed cost per cwt. gain from $9.70 to $5.75. In the second test 
(conducted during the winter of 1929-30), the daily addition of 1.5 pounds 
of cottonseed cake per head increased the daily gain per steer from 1.97 
to 3.59 pounds, reducing the feed cost per cwt. gain from $6.55 to $4.69 
(Appendix Table 4). 
These significant increases in gain and reductions in feed cost for beef 
production resulting from the addition of cottonseed cake have been secured 
with beet by-product rations, even though the additional protein supplied by 
the cake has tended to narrow the nutritive ratio of the diet (digestible pro-
tein to digestible carbohydrate equivalent) beyond the limits prescribed by 
dependable feeding standards. This fact has raised a question concerning the 
nature of the beneficial ingredient contained in cottonseed cake and the 
possibility of supplying this ingredient from some other and possibly from 
some cheaper source. Presumably, protein was not the vital factor involved 
since the amount of alfalfa hay fed contained ample protein of excell~nt 
quality to balance the cattle-fattening ration. Green leafy alfalfa and sun-
light were apparently sufficient to account for the necessary supply of es-
sential vitamins. This left the possibility of some mineral deficiency for 
consideration, and cottonseed cake being high in phosphorus it seemed evi-
dent that phosphorus might be the factor involved. 
It is generally conceded that only five mineral elements may be lacking 
in ordinary farm rations: Sodium, chlorine, iodine, calcium, and phosphorus, 
with a possible lack of sulphur in wool production. Common salt (NaCI), a 
customary ingredient of cattle-feeding rations, was fed in all rations, and 
there were no pathological indications of any iodirie deficiency in these beet 
by-product rations. With ample alfalfa hay in the ration, there could be 
no lack of calcium. This seemed to narrow a possible mineral deficiency to 
a lack of phosphorus. Further evidence of phosphorus deficiency seemed to 
lie in the fact that chemical analyses showed all feeds used to be low in this 
mineral. Both wet beet pulp and beet molasses contained 0.0'2 per cent or 
less, barley contained 0.2 per cent, and alfalfa hay 0.25 per cent of phos-
phorus. 
Results secured in 1904 with millrun bran in a cattle-feeding test, con-
ducted by the Utah Station3 lends additional weight to the phosphorus-de-
S"Feeding Beet Molasses and Pulp to Sheep and Steers." By L. A. Merrill and R. w. Clark. 
Utah Agr. Exp. Sta. Bu!. 90. 65 pp. 190'. 
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ficiency theory for beet by-product rations. This supplement, which is 
fairly high in phosphorus, gave excellent results when added to various 
rations composed of alfalfa hay and wet beet pulp (Appendix Table 5). The 
highly favorable results secured when millrun bran was added to a full feed 
of wet beet pulp and alfalfa point toward a need for phosphorus. Results 
indicate a possible beneficial effect from the phosphorus content of some 
wheat by-products, which is undoubtedly one of the reasons why millrun 
bran has so often been held in such high esteem as an ingredient of grain 
rations for horses, cattle, and sheep. 
FEEDING EXPERIMENTS CONDUCTED AT UTAH STATION 
1932-33 AND 1933-34 
Purpose of Experiments 
The purpose of the two cattle-fattening tests was to determine whether 
phosphorus was the factor primarily concerned in producing the beneficial 
results secured when cottonseed cake or other protein concentrates, high in 
phosphorus, were used to supplement beet by-product rations for fattening 
cattle. It was further desired to investigate available sources for furnish-
ing a cheap supply of phosphorus to fortify beet by-products in case there 
was indication of a common reaction to the high content of phosphorus in 
supplements used. 
Fig. I - Beef-cattle fattening experiment, Utah Agricultural Experiment Station. 
Methods of Procedure 
It was planned to fatten five comparable groups of beef steers on a com-
mon basal ration composed of wet ' beet pulp, beet molasses, alfalfa hay, 
and salt. Except in the case of a check lot, each group would also receive 
one of the several supplemental feeds to be tested, these supplements to 
furnish known quantities of phosphorus to the ration. 
Comparisons were to be made of feed consumed and gains in live weight 
secured in order to measure in each case 'the feed required per unit of gain 
produced. 
In addition, a study of the phosphorus content of the blood plasma of 
individual steers, to be made from periodic samples drawn from the jugular 
vein, was planned to give further indication of any variation in body-phos-
phorus supply. 
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FIRST CATTLE-F'EEDING EXPERIMENT 
(February 9 to May 19, 1932) 
Forty head of high-grade yearling feeder steers, of fairly uniform size 
and weight and showing a high degree of Shorthorn and Hereford blood, 
were sorted into five groups of eight head each. These five groups of 
cattle were made as uniform as possible by balancing type, conformation, 
breeding, weight, and condition of the individuals making up each group. 
The groups were then confined in similar adjacent pens and were fed and 
cared for in exactly the same manner, except for ingredients of the re-
spective rations. 
Rations Fed and Manner of Feeding 
All lots were fed wet beet pulp, beet molasses, alfalfa, and salt. In ad-
dition, rations in each respective lot included: Lot 1, no supplement; Lot 2, 
cottonseed cake; Lot. 3, steamed bonemeal; Lot 4, millrun bran; and Lot 5, 
ground barley. The basal ration consisted of a full feed of wet beet pulp, R.2 
pounds of beet molasses and 9.7 pounds of alfalfa; all lots had free access 
to block salt. Of supplements fed, each steer daily received the following: 
Lot 2, 1.9 pounds of cottonseed cake; Lot 3, 0.1 pound of steamed bonemealj 
Lot 4, 2.8 pounds of millrun bran; and Lot 5, 4.1 pounds of ground barley. 
Weights of all feeds fed and periodic 10-day weights of individual steers 
were recorded throughout the experiment. 
In order to study the relationship between the phosphorus content of 
the ration and the phosphorus content of the blood plasma, blood samples 
from the jugular vein of individual steers were drawn at the start and 
every 30 days during the feeding period. These samples were analyzed 
for inorganic phosphorus and for calcium. 
A summarized tabulation of results secured in the first feeding trial is 
shown in Table 1. 
Results Obtained 
During the first :feeding trial the cattle receiving the basal ration (con-
sisting of wet beet pulp, beet molasses, alfalfa, and salt with no phos-
phorus supplement added) produced noticeably low gains in weight and 
showed unmistakable symptoms of malnutrition during the fattening pe-
riod. The hair of their coats was lusterless and their appetites, as measured 
by consumption of wet beet pulp, were noticeably sluggish. 
Characteristic pica was indicated in this check group by an abnormally 
large consumption of salt, by the gnawing of wood, and by the consumption 
of a considerable portion of the straw used for their bedding. Results with 
this check ration are particularly significant when it is realized that for 
years this has been a standard beet by-product ration fed to thousands of 
cattle in Utah and other sugar-beet producing states. 
The addition of each of the three phosphorus supplements produced a 
noticeable improvement in appetite and reduction in amount of salt con-
sumed. 
A much more efficient use of feed nutrients consumed was indicated by 
greatly increased gains in weight where phosphorus supplements were added 
to the basal ration. 
Table 1. CATTLID-FEIDDING EoXPIDRIME'NT: 8 steers per lot fed 100 days-February 9, 1932 to May 19, 1932 (Table based on one 
average steer). 
Lot No. 
Daily Average Ration Fed (lbs.) 
Weight at Start (lbs.) ... . ........... .1 
Final Feedlot Weight ... \ 
Gain at Feedlot (100 days) . . . 
• Average Daily Gain (lbs.) .. . 
Feed Required for 100 Lbs. Gain 1 
Pressed Beet Pulp . , 
Beet Molasses ... . 
Cottonseed Cake ......... , 
Steamed Bonemeal . . . . . . . .. ... . 
Wheat Bran and Shorts I 
Ground Barley 
~~ftlfa Hay .. .. .. .. .. . .. .. 
Feed Cost per Cwt. Gain ( % ) .... ..... . 1 
Cost per Steer @ $4.70 Cwt. . .) 
Feed Cost per Steer .. .. . . . 
Est. Fixed Costs and Selling Expense ... 
Total Est. Cost per Steer .. . . . 
Est. Mkt. Weight, 4% Shrink ., 
$ Per Cwt. Needed to Break Even . 
Spread Needed to Break Even . 
Contained in Daily Ration 1 
Phosphorus (grams) ...... .. . . ... . . 1 
Calcium (grams) ·1 
Ratio P jCa . . .. .. . . ... ·1 
1 
Pulp 
Molasses 
Alfalfa 
Salt 
767.9 
877.3 
109.4 
1.09 
6106.3 
289.6 
882.9 
11.1 
10.79 
36.09 
11.80 
4.84 
52.73 
842.2 
6.26 
1.56 
16.12 
108.42 
1 :6.7 
56.9 
3.2 
9.7 
.12 
2 
CS Cake 
Pulp 
Molasses 
Alfalfa 
Salt 
767.9 
981.3 
213.3 
2.13 
3146.8 
1485 
86.; 
452.6 
4.1 
7.77 
36.09 
16.58 
5.06 
57.73 
942.0 
6.13 
1.43 
28.49 
118.77 
1 :4.2 
1.9 
6;.1 
3.2 
!l.7 
.09 
I 
I 
3 
Bonemeal 
Pulp 
Molasses 
Alfalfa 
Salt 
766.2 
986.7 
221.5 
2.22 
3495 .9 
143.0 
4.3 
436.0 
2.5 
6.37 
36.96 
14.11 
5.02 
65 .09 
947.2 
5.82 
1.12 
24.41 
136.04 
1 :6.6 
.1 
77.4 
3.2 
!l.7 
.06 
4 
MiIIrun Bran 
Pulp 
Molasses 
Alfalfa 
Salt 
763.8 
987.6 
223.8 
2.24 
2754.2 
141.6 
126.0 
431.6 
2.8 
6.77 
36.90 
15.16 
6.04 
66.09 
948.0 
5.92 
1.22 
27.26 
113.85 
1 :4.2 
----
6 
2.8 Gr. Barley 
61.6 Pulp 
3.2 Molasses 
9.7 Alfalfa 
.06 Salt 
763.8 
952.1 
188.3 
1.88 
2647.2 
168.2 
214.8 
514.1 
3.4 
8.00 
35.90 
15.20 
5.00 
56.10 
914.0 
6.14 
1.44 
19.50 
106.31 
1 :5.5 
4.1 
49.9-
3.2 
9.7 
.06 
Feed Costs per Ton : Pressed beet pulp, $2; beet molasses, $8; alfalfa, $10; cottonseed cake, $40; steamed bonemeal, $40; wheat, bran and shorts 
(equal parts by weight), $20; barley, $20; salt, $20. 
Percentage Phosphorus in Feeds Used: Wet beet pulp, .018; beet molasses, .02; barley, .0208 ; alfalfa, .'256; millrun bran, .84; cottonseed cake, 1.33; 
steamed bonemeal, 14.4 (est.). 
• A difference of .36 is necessary to g ive a probability of .06; a differ ence of .48 is necessary for a probability of .01. 
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Average increased gains in live weight over those of the check lot in this 
test were as follows: Millrun bran, 105 pel' cent; steamed bonemeal, 102 
per cent; and cottonseed cake, 95 per cent. Although the addition of ground 
barley to the basal diet produced an increase of 72 per cent in gain se-
cured, barley, which contains only 0.2 per cent phosphorus, apparently did 
not contain sufficient phosphorus to completely remedy the existing de-
ficiepcy. 
The fact that bonemeal was just as effective as the other phosphorus 
supplements rules out the possibility of the increased consumption of vita-
mins as being the control factor. 
In the first cattle-feeding experiment, reduced feed costs per unit of 
gain, in comparison with those of the-check lot, were 41 per cent for steamed 
bonemeal, 37 per cent for millrun bran, 28 per cent for cottonseed cake, and 
25 per cent for barley. An example of the significance attached to the use 
of proper phosphorus supplements to beet by-product rations containing wet 
beet pulp and molasses for fattening steers is indicated in Figure 2 by a 
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Fig.2-The addition of a phosphorus supplement (steamed bonemeal) reduces beet by-products, 
alfalfa hay, and salt required to produce 100 pounds of beef. (See Figure 5.) 
comparison of the check lot with the lot receiving the same basal ration as 
the check lot, plus daily addition of 0.1 pound steamed bonemeal per head. 
Without the supplement, the production of 100 pounds of beef required 
5106.3 pounds of wet beet pulp, 289.6 pounds of beet molasses, 882.9 pounds 
of alfalfa, and 11.1 pounds of salt. With the addition of 4.a pounds of 
steamed bonemeal,)OO pounds of beef were produced with only 3495.9 pounds 
of wet beet pulp, 143 pounds of beet molasses, 436 pounds of alfalfa, and 
2.5 pounds of salt. 
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On the basis of feed required to produce 250 pounds of gain (a normal 
finish desired on a 750-pound feeder steer), 10.75 pounds of steamed bone-
meal saved or replaced 4026 pounds of wet beet pulp, 366.5 pounds of beet 
molasses, 1117.3 pounds of alfalfa hay, and 21.5 pounds of salt.4 
It seems evident that the various phosphorus supplements fed with the 
beet by-products in these rations replaced far more feed nutrients than 
they contained. A sounder explanation of their high replacement value is 
found in the statement that they remedied a distinct nutritional deficiency 
and in so doing made possible normal digestion and assimilation of a greater 
proportion of available feed nutrients. 
An interesting and significant study of the average gain per lot by 10-day 
periods is presented in Figure 3. This chart shows clearly the steady and 
consistent average gains in weight produced where anyone of the three 
phosphorus supplements (steamed bonemeal, cottonseed cake, or millrun 
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Fig.3- Effect of various phosphorus supplements on average steer gain per lot by 10-day 
periods. (See Figure 6.) 
bran) was used to remedy the phosphorus deficiency existing in the basal 
ration, consisting of wet beet pulp, beet molasses, alfalfa, and salt with no 
supplement. The additional phosphorus brought to the ration by the barley 
fed in Lot 5, although apparently insufficient to produce optimum results, 
is seen to have produced a significant improvement over the check lot fed 
no supplement. 
On account of the limited number of steers used in each group (eight to 
a lot), a comparative study of individual results secured is particularly 
important. For this reason, Figure 4 presents a graphic representation of 
average daily gains of individual steers by lots in this experiment. The 
significant increases in gain, as well as the uniformly higher gain of all 
individuals in the lots where the phosphorus supplements were added, is 
clearly illustrated. 
4At feed prices used in the test, the addition of 10.75 pounds of steamed bonemeal, costing 
21.5 cents, saved or replaced other feed worth $9.28 in fattening a single steer; in other 
words, it was responsible for a net saving in feed cost per steer of $9.065. 
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Fig.4-Graphic representation of average daily gains produced during the entire feeding per-
iod on the eight individual steers in each of the five groups fed. (See Figure 7.) 
The uniformly beneficial results secured with the three phosphorus supple-
ments used in the first feeding experiment tend to indicate that phosphorus 
was the important common factor influencing r ate of gain and economy of 
gain produced. Apparently the other nutrients contained in the cottonseed 
cake and bran were of little additional value and the supplement supplying 
the most available phosphorus at least cost should prove most desirable 
where sugar-beet by-products are concerned. 
In phosphorus-deficient rations, such as may generally be expected where 
beet by-products and alfalfa are fed, the necessity for a phosphorus supple-
ment seems evident. To supply the existing deficiency in the ration used, 
phosphorus in this trial was most economically supplied by steamed bone-
meal. 
These general results, however, should not be construed as indicating a 
need for phosphorus in livestock rations which may not be deficient in phos-
phorus. 
SECOND CATrLE-FEEDING EXPERIMNT 
(January 16 to June 15, 1933) 
Methods of 'Procedure 
For the second cattle-feeding experiment forty head of high-grade Here-
ford steer calves were secured from a nearby ranch. These cattle had been 
grazed on summer range until fall and had then been fed a maintenance 
ration of alfalfa hay and ground barley up to the time they were started 
on the feeding experiment. 
Rations Fed and Manner of Feeding 
Cattle were allotted, weighed, and fed in exactly the same manner as 
were those in the first cattle-feeding experiment. During the feeding test, 
each lot was then fed all the wet beet pulp it would consume. Beet molasses 
was gradually introduced into the ration, after which 3 pounds daily per 
head were given. Alfalfa hay was limited to the amount taken by the lowest 
alfalfa-consuming lot. Block salt wa~ again made available to each group. 
A summarized tabulation of results secured in the second feeding experi-
ment is included in Table 2. 
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Results Obtained 
In the second feeding experiment, conducted with similar rations but fed 
to younger steers, the characteristic improvement in appetite, increased 
gains, and decr eased feed costs per unit of gain were again evident in the 
various groups where phosphorus supplements were added. Increased gains 
in live weight over those secured in the check lot through the addition of 
phosphorus supplements were 174.3 per cent for steamed bonemeal, 173.8 
per cent for millrun bran, 123.8 per cent for cottonseed cake, and 111.2 
per cent for ground barley. 
Reduced feed costs per unit of gain as a result of the addition of phos-
phorus supplements, in comparison with those required in the check lot, 
were 51 per cent for steamed bonemeal, 44.2 per cent for millrun bran, 30.8 
per cent for ground barley, and 25.9 per cent for cottonseed cake. Again, 
the addition of phosphorus supplements greatly increased the efficiency of 
beef production, and steamed bonemeal once more proved to be the most ef-
ficient phosphorus supplement used. 
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Fia-.5- The addition of the phosphorus supplement (steamed bonemeal) again reduces beet 
by-p roducts, alfalfa, and salt required for beef production. (See Figure 2.) 
Figure 5 shows graphically the comparison of feed r equired per unit gain 
between the check lot and the lot receiving steamed bonemeal supplement. 
The addition of 5.7 pounds of steamed bonemeal actually replaced 597.9 
pounds of wet beet pulp, 264.6 pounds of beet molasses, 795.4 pounds of al-
falfa, and 12.9 pounds of salt. 
At this rate, in producing a 250-pound gain on the ordinary steer, 14.25 
pounds of steamed bonemeal would save or replace 1494.8 pounds of wet 
beet pulp, 661.5 pounds of beet molasses, 1988.5 pounds of alfalfa, and 32.3 
pounds of salt.5 
5In the production of a 250-pound gain, at feed prices charged, steamed bonemeal was re-
sponsible in this test for a net saving in feed cost alone of $13.37 per steer. 
Table 2. CATT·LE-FE·EDING EXPEiRIMoENT: 8 steers' per lot fed 15 0 days-January 16, 1933 to J 'une 15, 1933 (Table based on 
one average steer). 
Lot No. 
Daily Avg. Ration Fed (Ibs.) 
Weight at Start (Ibs.) ... \ 
Final Feed Lot Weight . . ... '1 
Gain at Feed Lot (150 days) .. . 
· Average Daily Gain (Ibs.) . .. . 
Feed Required for 100 Lbs. Gain .. 
Pressed Beet Pulp 
Beet Molasses 
Cottonseed Cake .................... . 
Steamed Bonemeal .. .. ........ . 
Millrun Bran ... . ... . .. . . 
Ground Barley . .. ... . . . .. . 
Alfalfa Hay ... .. . ... . 
Salt ... . ... . ... .. ........ . 
Feed Cost per Cwt. Gain ($) 
Cost per Steer @ $4.60 Cwt. . . ..... . ... 1 
Feed Cost per Steer .... . ..... . I 
Est. Fixed Costs and Selling Expense 
Total Est. Cost per Steer ..... . 
Est . Market Weight, 3% Shrink 
$ Per Cwt. Needed to Break Even 
Spread Needed to Break Even 
Contained in Daily Ration 
Phosphorus (grams) 
Calcium (grams) 
Ratio PICa 
Pulp 
Molasses 
Alfalfa 
Salt 
587.3 
678.9 
91.6 
0.61 
3497.2 
411.8 
1169.8 
15.1 
8.42 
27.02 
7.71 
4.55 
39.28 
658.5 
5.96 
1.36 
10.23 
66.55 
1 :6.5 
2 
CS. Cake 
21.4 1 Pulp 2.5 Molasses 
7.1 Alfalfa 
.09 Salt 
I 
584.8 
789.8 
205.0 
1.37 
2532.3 
180.4 
134.1 
468.0 
4.1 
6.24 
26.90 
12.79 
4.82 
44.51 
766.1 
5.81 
1.21 
21.51 
73.08 
1 :3.4 
8 
1.8 1 Bonemeal 34.6 Pulp 
2.5 Molasses 
6.4 Alfalfa 
.06 Salt 
I 
585.8 
837.1 
251.3 
1.68 
2899.3 
147.2 
5.7 
374.4 
2.2 
4.13 
26.95 
10.38 
4.82 
42.15 
812.0 
5.19 
.59 
18.04 
92.25 
1 :5.1 
4 
.1 I Millrun Bran 
48.6 Pulp 
2.5 Molasses 
6.3 Alfalfa 
.04 1 Salt 
586.7 
837.5 
250.8 
1.67 
2513.7 
147.5 
168.7 
374.0 
2.4 
4.70 
26.99 
11.79 
4.86 
43.64 
812.4 
5.37 
.77 
21.26 
76.09 
1 :3.6 
5 
2.7 1 Gr. Barley 42.0 Pulp 
2.5 Molasses 
6.3 Alfalfa 
.04 Salt 
I 
584.8 
778.3 
193.5 
1.29 
1915.3 
191.4 
277.8 
518.9 
5.3 
5.83 
26.90 
11.28 
4.77 
42.95 
755.0 
5.69 
1.09 
13.42 
67.52 
1 :5.0 
3.6 
24.7 
2.5 
6.7 
.07 
Feed Costs per Ton: Pressed beet pulp, $1.50; beet molasses, $6: alfalfa, $7.50; cottonseed cake, $30; steamed bonemeal, $36; millrun bran, $11.50 ; 
barley, $13 ; salt, $22. 
Percentage Phosphorus in Feeds Used: Wet beet pulp, .018; beet molasses , .02; barley, .208; alfalfa, .256; millrun bran, .84; cottonseed cake, 1.33; 
steamed bone meal, 14.4. 
• A difference of .35 is necessary to give a probability of .05; a difference of .48 is necessary for a probability of .01. 
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It will be understood, of course, that such results could not be expected 
in a normal ration without a nutritional deficiency. 
Figure 6 shows graphically the average gain per lot by lO-day periods 
during the feeding trial. The steady and consistent average gains in weight 
maintained by the groups fed each of the three phosphorus supplements is 
again evident. The barley ration once more proved insufficient to supply 
the necessary requirement of phosphorus for optimum results. 
275=-
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TEN DAY FEEDING PERIODS 
Fig.6-Effect of various phosphorus supplements on average steer gain per lot by lO-day 
periods during second feeding test. (See Figure 3.) 
In Figure 7 is shown a graphic representation of the average daily gains 
of individual steers by lots. The significant increases in gain and the uni-
2.25:-
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:g 
~ 
~ 1.00-
~ 
000-
Fig.7-Graphic representation of average daily gains produced on individual steers in the five 
groups fed during the entire feeding period. (See Figure 4.) 
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formly higher gains of all individuals in lots where phosphorus supplements 
were added are again apparent. 
In the sQCond feeding experiment, steamed bonemeal once more proved the 
most economical source of phosphorus to remedy the apparent deficiency 
of this essential mineral element in the beet by-product r ation. . 
EFFECT OF PHOSPHORUS-DEFICIENT RATIONS ON PHOSPHORUS 
CONTENT OF BLOOD PLASMA AND BLOOD SERUM 
In order to determine the possibility of measuring phosphorus deficiency 
in livestock rations through a study of blood phosphorus of animals fed, 
blood samples from the jugular vein of individual steers were taken during 
the second feeding experiment before the experiment began and at 30-day 
intervals thereafter. These samples were analyzed for both phosphorus and 
calcium. To obviate any possible action of recently ingested carbohydrates 
on inorganic blood phosphates, blood samples were collected in the morning 
before feeding. Determination for phosphorus was made by the Youngberg 
method and that for calcium by the Clark-Collip modification of the Kramer-
Tisdal method. 
Table 3 presents results, reported as milligrams of calcium' in 100 cc. of 
blood serum and of inorganic phosphorus in 100 cc. of blood plasma. 
It will be noted that the average analyses of the initial samples, taken 
when 'the steers first arrived at the Station and before various phosphorus 
supplements were fed, varied from 2.41 to 3.01 milligrams per 100 cc. of blood 
plasma. These figures seem to indicate an existing phosphorus ,deficiency 
in the blood of all steers at that time. Five mgms. of phosphorus per 100 
cc. of blood plasma is recognized as the normal phosphorus content of the 
blood plas;ma in cattle fed on phosphorus-sufficient rations.6 
Table 3 indicates further that the blood of all animals receiving steamed 
bonemeal, millrun bran, or cottonseed cake showed a significant increase in 
blood phosphorus in the samples analyzed 38 days after the addition of these 
supplements, this increase being maintained with slight variation through-
out the test. It will be noted further that there was little increase in the 
blood phosphorus of the check lot fed no supplement during the trial. 
The addition of cottonseed cake to the beet by-product ration increased 
blood phosphorus from 2.41 to 4.38 mgms. per 100 cc. blood plasma, main-
taining it at this figure with slight variations during the feeding period. 
Similar increases may be noted with the addition of steamed bonemeal and 
millrun bran. 
On the other hand, blood samples from cattle receiving barley showed 
throughout the trial a fairly low level of phosphorus. In the check lot 
blood phosphorus varied from 2.6 to 3.6 mgms. per 100 cc. blood plasma, 
while in the barley-fed lot it arose slightly, varying between 3.35 and 3.73 
mgms. per 100 cc. of blood plasma. Previous work has indicated that a 
relatively high calcium intake may reduce the absorption of phosphorus and 
thereby increase the danger of aphosphorosis.7 The customary heavy use of 
S"Minimum Mineral Requirements of Cattle." By A. Theiler. H. H. Green. and P. J. DuToit. 
In Jour. Agr. Sci.. 17: 291-314. 1928. , 
7"Ph08phorus in the Livestock Industry." By A. Theiler. H. H. Green. and P. J. DuToot. In 
Jour. Dept. Agr .• South Africa. 8: 460-504. 1924. 
'l'able 3. Blood analyses per lot of calcium (mgms. per 100 ce. blood serum) and of . phosphorus (mgms. per 100 cc. of blood 
plasma), 1933. (Youngberg method for determining inorganic and, acid_soluble phosphorus; Clark-Collip modification 
M Kramer·Tisdal method for calcium.) 
Date of Determination 
From January 21~24, 1988 (At start) 
Date (January 25) and Supplement Added 
No. Days after Supplement was Added: 
38 (Feb. 28- Mar. 4) .. .. .... .. ...... ,. 
68 (Mar. 28- April 1) ~ , . '. . . . 
95 (April 27-April 29) .. ~ .... . . . . . ... .. . . . . , . .. ... . 
128 (May 29- June 3) .... . . .. .. .. .. .' . . . , . . ... . .. . . . . 
Average .. .. .. . ...... ... .. . . .. .. ... .. .... . .. . 
Percentage P (Moisture Basis of Feeds Used) : 
. ,Pressed pulp .......... 0.01 
. ,. Beet molasses 0.02 
..I: Barley . . . . . 0.21 
... 
Alfalfa . . ! . . . . . . . . . . . . . . . .. 0.26 
~~I P 2.63 1\ ea 18.18 2 P 2.41 II Lot No. Ca 12.56 3 P 2.88 
None Cottonseed Cake IISteamedBonemeal 
18.40 
15.22 
13.41 
14.10 
3.60 
2.67 
2.60 
3.11 
13.80 
12.03 
12.19 
13.00 
14.08 3.00 ~l 12.76 
Bran .... 
Cottonseed cake 
Steamed bonemeal 
4.38 
4.12 
4.28 
4.45 
4.31 
I 
13.50 ·5.60 
12.81 5.22 
12.19 4.71 
13.00 4.35 
II 12.75 I' 4.97 
0.84 
. . , . .. , 1.88 
. .. .... . 14.40 
II 4 
Ca P 
12.84 2.61 
Millrun Bran 
13.90 5.41 
·12.63 4.52 
11.88 4.52 
12.20 4.98 
II 12.65 4.86 
I· Ca 12.25 
I 
· 5 
P 
3.01 
Ground Barley 
14.90 
1 
3.67 
12.56 3.43 
12.59 3.85 
12.80 8.73 
'I 
II 13.21 I 3.55 
'"C 
II: 
o 
~ 
~ 
00 
1-4 
~ 
;3 
~ 
00 
rn § 
~ 
Cd 
~ 
b:I 
~ 
i 
~ 
~ 
~ 
~ 
rn 
""'" 01 
16 BULLETIN No. 265 
alfalfa in livestock rations in this intermountain area may be in part re-
sponsible for too wide a ratio between calcium and phosphorus for optimum 
results. In these tests, however, alfalfa consumption was relativr ly low. 
An adequate livestock diet should satisfy the needs for essential minerals 
and vitamins, in addition to 'supplying prop.er amounts and proportions of 
protein and carbohydrate equivalent. 
MitchellS states that there is no evidence to indicate that ordinary farm 
rations may be deficient in any other minerals than' sodium, chlorine, iodine, 
calcium, and phosphorus. The customary practice of feeding common salt 
and the fact that iodine deficiency is usually indicated by definite pathologi-
cal symptoms tends to narrow the mineral problem to a consideration of 
available calcium and phosphorus. 
The high calcium content of alfalfa hay, a roughage commonly referred 
to as the "backbone of the feeding industry," the calcareous nature of west-
ern soils, the high calcium content of the drinking water, and the fact 
that most range plants carry an abundant supply of calcium generally in-
sure an adequate supply of this essential mineral in the intermountain area. 
Phosphorus seems to be the element most likely to be lacking in western 
livestock rations. This is especially true with beet by-product rations con-
taining wet beet pulp and beet molasses. In such rations the bulky nature 
of the wet beet pulp tends to preclude the consumption of enough hay or 
grain to satisfy phosphorus needs, even though the phosphorus content of 
the hay and grain used may be considered as normal. Furthermore, car-
bonaceous nutrients in beet by-products being much less costly at present 
prices than those found in grain and alfalfa, there is a tendency to use them 
with only a limited grain and hay allowance. 
The importance of an adequate phosphorus supply in the diet has been re-
peatedly demonstrated in this country and in South Africa where compre-
hensive investigations have been in progress during the pa'st 18 years. Ac-
cording to Greaves, Maynard, and Reeder9 : "Phosphorus is present in every 
cell and fluid of the body. It is vitally concerned with carbohydrate, fat, 
and some phases of protein metabolism. It is an essential factor in muscu-
lar contractions as well as in the functioning of the central nervous system; 
it enters into the buffering powers of the blood and other tissues. Phos-
phorus, together with calcium, plays a fundamental role in bone formation. 
It is then not surprising to find profound physiological and anatomical dis-
turbances occurring in animals on a phosphorus-deficient diet." 
Malan, Green, and DuToit10 state: "In cattle such a deficiency may 
manifest itself by hypophosphoraemia, osteophagea, and osteoporosis and by 
osteomalacia in the adult. In the early stages, the consumption of food is 
usually adversely affected." 
Aphosphorosis of cattle is known to occur in many regions. It is prob-
ably even more widespread than is recognized at the present time where 
S"The Feeding of Mineral Supplements to Livestock." By H. H. Mitchell. Ill. Agr. Exp. Sta. 
Cir. 281. 1924. 
s"Influence of Calcium Phosphorus Intake on Bovine Blood." By J. E. Greaves, E. J. May-
nard, and Wendell Reeder. In Jour. Agr. Rsch., 48: 631-655. 1934. 
1O"Composition of Bovine Blood on Phosphorus-deficient Pastures." A. M. Malan, H. H. Green, 
and T. J. DuToit. In Jour. Agr. Sci .• 18: 376-383. 1928. 
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the following conditions occur : (1) Forage may be produced on phosphorus-
deficient soil and may, therefore, be low in phosphorus; (2) cattle may be 
kept on tbo restricted rations, the main constituents of which are deficient in 
phosphorus; (3) the intake of calcium may be excessive in relation to intake 
of phosphorus; and (4) the pho·sphorus requirements may be extremely high 
and hence not met by ordinary rations, as in the case of the lactating cow. 
Results of recent experiments with beef cattle at Onderstepoortll in South 
Africa, at the Utah Station,12 and with dairy cattle at the Minnesota Agri-
cultural Experiment Station13 seem to indicate that the determination of 
inorganic blood phosphorus may give an early diagnosis of aphosophorosis 
and consequently may help to differentiate it from picas having a different 
origin. With sufficient information on the optimum inorganic phosphorus 
content of the blood plasma under varying conditions, it appears highly 
probable that blood analyses may be used to determine those animals whose 
poor condition may be preeminently due to phosphorus-deficient diets. The 
preliminary blood-phosphorus picture may indicate: (1) That many west-
ern range cattle have been entering the feedlots in the fall in a phosphorus-
deficient condition; (2) that on phosphorus-deficient beet by-product rations 
at least they have been making inefficient use of feed nutrients supplied; 
and (3) that the correction of this deficiency may in the future greatly im-
prove the efficiency of beet by-product rations in the intermountain area. 
Table 4 indicates the phosphorus and calcium content of the average daily 
ration fed per steer, the ratio of phosphorus to calcium, the average gain 
in weight per steer for the fattening period, and the feed cost per cwt. gain. 
Table 4. Phosphorus and calcium content a nd ratio in rations fed and· e ffect on 
gain in w eight and cost of unit gains s€cured on steers (Appendix 
Tab le 7). 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
Slipplement 
Fed I Phosphorus I (grams) Calcium I (grams) 
Ratio 
PICa Gain per per Cwt. 
I Average I A vg. Cost 
I Steer (lbs.) Gain ($) 
First Feeding Test-February 9, 1932 to May 19, 1932 (100 days) 
None . . , . 16.12 108.42 1:6.7 109.4 10.79 
Cottonseed cake 28.49 118.77 1:4.2 213.3 7.77 
Steamed bonemeal 24.41 136.04 1:5.6 221.5 6.37 
Millrun bran ... . . 27.25 113.85 1:4.2 223.8 6.77 
Barley . . . . . . . . 19.50 106.31 I 1:5.5 188.3 8.07 
Second Feeding Test-January 16, 1933 to June 15, 1933 (150 days) 
None .. . ........ I 10.23 66.55 1:6.5 91.6 8.42 
Cottonseed cake 21.51 73.08 1 :3.4 205.0 6.24 
Steamed bonemeal 18.04 92.25 1:5.1 251.3 4.13 
Millrun bran ... . . 21.26 76.09 1:3.6 250.8 4.70 
Barley . . .. . . . .. 13.42 67.52 I 1:5.0 193.5 5.83 I ! 
ll" Aphosphorosis in Ruminants." By A. Theiler and R. B. Green. In Nutrition Abstracts and 
Reviews, 1: 359-385. 1932. 
12See Footnote 9. 
11"Phosphorus Deficiency in the Rations of Cattle." By C. H. Eckles, T. W. Gullickson and 
L. S. Palmer. Minn. Agr . E xp . Sta. Tech. Bul. 90. 118 pp. 1982. 
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While the length of feeding period, age of steers, and cost of feeds were 
different for the two tests, these conditions were uniform as between the 
various lots in each test; consequently, results secured by lot each year are 
directly comparable one with the other. 
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Fig.8-Avetage amounts of feed saved by addition of phosphorus supplement (steamed bone 
meal) in producing 100 pounds of beef with beet by-product ration (See Figs. 2 and 5). 
Although little significance can be attached to the phosphorus-calcium 
ratio in various rations fed, the relative gain, the relationship of phosphorus 
content of blood to rate of gain, and the cost of feed per unit of gain se-
cured indicate a possible deficiency of phosphorus for optimum gain and cost 
of gain in Lots 1 and 5 in both tests. 
COOPERATIVE CATTLE-FEEDING DEMONSTRATION 
(April 13 to August '20, 1933) 
The close correlation of results secured in the two feeding experiments 
reported led to a desire to further test the supplements used in a cattle-
feeding demonstration conducted under practical conditions and with suffi-
cient numbers' of livestock in the various groups to overcome any individual 
differences that might tend to influence the comparison. 
Furthermore, the frequent drawing of blood samples from steers in the 
two experiments, while a factor common to all lots, undoubtedly hindered 
the production, 0:£ normal gains in 'Yeight that might be expected under 
ordinary feedlot-fattening conditions. It was felt that experimental results 
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secured warranted a demonstration of the value of phosphorus supplements 
in improving a beet by-product ration for fattening cattle. Consequently, 
an opportunity afforded by the Utah-Idaho Sugar Company to direct the 
fattening of four pens of 25 beef calves each at one of their factory feed-
yards was welcomed as an opportunity for further work; results of this 
practical fattening demonstration are included to further substantiate the 
findings of the two experiments already described. 
The groups of calves in the demonstration were allotted and fed in the 
same manner as were experimental steers. They were allowed to consume 
all the pulp they would take, 'while alfalfa and molasses were limited to equal 
amounts in each group; phosphorus supplements were supplied in amounts 
calculated to furnish enough phosphorus to remedy the existing deficiency. 
As there were no blood samples taken from these calves and as they were 
undisturbed during the fattening period, their feed requirements and gains 
in weight should be comparable to those ordinarily to be expected in farm 
feedlots. (See cover cut.) 
Results of this demonstration are included in Table 5. For immediate 
purposes of comparison only three groups need be considered: (1) Those 
receiving the check ration of wet pulp, beet molasses, alfalfa, and salt; 
(2) those receiving the check ration as well as 1.6 pounds of cottonseed 
, cake; and (3) those receiving 0.1 pound of steamed bonemeal as a phosphorus 
supplement. As in the two experimental feeding trials, the addition of the 
two phosphorus supplements increased pulp consumption and gain in weight 
per steer and decreased feed cost of gain per steer. In addition, the char-
acteristic pica (craving of salt) was eliminated. Again, the steamed bone-
meal proved most efficient as a phosphorus supplement. Its addition in-
creased pulp consumption 67 per cent, increased the average gain in weight 
per steer by 74 per cent, and decreased the feed cost of fattening the steer by 
37 per cent as compared with the check lot .• 
What was this phosphorus supplement worth in dollars and cents to the 
farmer or cattle feeder with a beet by-product ration to feed? Briefly, the 
addition of 0.1 pound of steamed bonemeal daily to the wet-beet-pulp-beet-
molasses-alfalfa-salt combination increased the average gain per steer from 
193.2 to 336.3 pounds. It decreased the average feed cost per cwt. gain 
from $2.42 to $1.52. It increased the selling price of the finished steers from 
$4.75 per cwt. to $5.25 per cwt., and actually converted a loss of $3.46 per 
head into a profit of $6 . .89 per head, being responsible for a difference in 
return to the feeder of $10.35 per head. 
---o 
~ 
CD 
(JQ 
CD 
Ul 
CD 
I-i 
ib' 
m 
Z 
? 
~ 
CO 
e 
Table 5. Baby beef·feeding demonstration, Utah·Idaho Sugar Company (Garland Factory) and Utah Agricultural Experiment 
Station cooperating-4 pens of 25 calves each fed 129 days: April 13 to August 20, 1933 (Table based on one average 
calf). 
Lot No. 
Daily Average Ration Fed (lbs.) 
Initial Weight April 13 (lbs.) .. . .... ... . ........ . .. . .. . ' 1 
Final Weight August 20 (4% shrink) ..... . .. . . . . ..... . . ... . 
Total Gain . . ... . ...... . ..... . .. .. .... . .... . . .. ... . 
Daily Gain . ... . ...... .... ...... .. . ..... . .. . ... . . 
Feed Required for 100 Lbs. Gain 
($ 4.51) Alfalfa Hay 
($ .28) Wet Beet Pulp 
($ 6.00) Beet Molasses 
($15.00) U&I Pellets ........... .. . .. . .. .. . . ... ........ . 
($30.00) Cottonseed Cake 
($42.00) Steamed Bonemeal 
($20.00) Salt 
Feed Cost Per Cwt. Gain ($) 
Cost per Steer at Start @ $5.55 Cwt. 
Feed Cost Per Steer 
Labor, Vaccination and Veterinary Service 
Total Cost of Fat Calf ($) ..... 
$ Per Cwt. Needed to Break Even 
Est. Selling Price per Cwt. ($) 
Net Return ($) 
Contained in Daily Ration 
Phosphorus (grams) 
Calcium (grams) 
Ratio P I Ca 
... . ....... .. . · · 1 
···.:. :.:.:. :.:. :.:.:.:.:.1 
:::: :: ::::::::: :::: 1 
. . . . . 1 
I 
·· ·1 
. . . . . . . 1 
. . . .. 
U&I Pellets' 
Wet Pulp 
Molasses 
Alfalfa 
Salt 
455.5 
767.5 
312.0 
2.42 
330.3 
2289.7 
104.4 
115.6 
4.4 
2.29 
25.28 
7.14 
4.30 
36.72 
4.78 
5.25 
3.57 
'Compressed mixture of dried beet pulp, beet molasses, and steamed bonemeal 
2 3 4 
2.8 Cotton Cake 1.6 Bonemeal .L 
55.4 Wet Pulp 41.5 Wet Pulp 53.4 Wet Pulp 69.3 
2.5 Molasses 2.5 Molasses 2.5 Molasses 2.5 
8.0 Alfalfa 8.7 Alfalfa 9.1 Alfalfa 8.7 
.11 Salt .32 Salt .12 Salt .07 
458.1 451.1 I 453.7 
651.3 757.8 I 790.0 
193.2 306.7 I· 336.3 1.50 2.38 2.61 
583.9 - 380.8 333.0 
2770.2 2245.8 2659.5 
168.5 106.2 96.8 
68.6 
3.8 
21.1 5.2 2.9 
2.42 2.57 1.52 
25.42 25.04 25.18 
4.68 7.88 5.11 
4.30 4.30 4.30 
34.40 37.22 34.59 
5.28 4.91 4.38 
4.75 5.25 5.25 
- 3.46 2.56 6.89 
, 13.72 24.81 22.52 
91.26 104.45 123.05 
1 :6.7 1 :4.2 1 :5.5 
(Product of Utah-Idaho Sugar Company) . 
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Total 
Source 
of 
Variation 
Between 
Within 
Ration 1 
2 
3 
4 
5 
Total .. . .. . . . .... 
Between . . .. .. . . 
Within 
Ration 1 
2 
3 
4 
5 
Degree 
of 
Freedom 
39 
4 
35 
39 
4 
35 
- -------
II 
II 
II 
Daily Gain Initial Weight 
Sum of 
Squares Mean II Sum of Squares 
January 9 to May 19, 19·32-100 days 
15.513 
8.076 
7.437 
II 
.397 II 16500'7.205 
2.019 II 294.449 
.212 II 164712.756 
II ' 
Mean Daily Gain 
1.10 
2.13 
2.21 
2.36 
1.88 
Mean 
4230.953 
73.612 
4706.078 
January 16 to June 15, 1933-150 days 
10.474 
6.073 
4.401 
II I 
.268 II 215459.390 I 
1.518 II 39.845 I 
.125 1/ 215419.545 
I I 
Mean Daily Gain 
0.61 
1.37 
1.68 
1.67 
1.29 
5524.599 
9.961 
6154.840 
II 
II 
II 
II 
II 
Covariance 
Sum of 
Products 
- 79.012 
-18.156 
-60.856 
Correla tion 
- .049 
-.372 
- .054 
Sig. Dif .. 05 =.46 
.01= .62 
-135.816 -.090 
- 6.089 - .391 
-129.727 -.133 
Sig. Dif .. 05 = .35 
.01 =.48 
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'l'able 1. Averag~ annual s upply of sugar-beet by-products available for livestock, Utah.] 
--
Source Wet 
Beet 
Pulp 
I 
Utah-Idaho Sugar Co. I (1928-1934, incl.) . . . . . . . . . . .... I 63,997 Amalgamated Sugar Co. 
. . . . . . . . I (1925-1934, inc!.) 56;700 
Layton Sugar Co. (1924-1933, inc!.) . · 1 22,993 
I 
TOTAL . . . . . . . . ..... \ ' 143,690 
'1 
lInformation to authors from companies concerned. 
'Average for 1933 and 1934. 
1 
I 
I 
Tons 
Dried 
1 
1 P,II,1s (D""' I Beet Beet Molasses Pulp and Pulp Molasses) 
I I I I 4,0462 I 2,488 I 13,208 I I 
.. . . 
1 
3,797 . .. . I 
I 
. . . . 3,238 . . .. I 
I I I 
2,488 20,243 4,046 
Beet 
1 
Average 
Tops Beet Yield 
(Acres) Per Acre 
20,863 11.54 
17,714 12.0.8 
5,621 14.10 
44,198 
1 No. of F"m-
ers Produc-
ing Beets 
3,409' 
2,711 
554 
6,674 
~ 
r:1' 
i 
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Table 2. Approximate numbers of beef cattle fattened annually on sugar-beet 
by -product rations in six western states, 1927-1931.1 
State 
Colorado 
Nebraska 
Utah 
Montana 
Idaho 
California 
TOTAL 
No. Beef Cattle Fattened 
120,000 
30,0~0 
15,000 
25,000 
20,000 
15,000 
238,000 
'Information from Bureau Agricultural Economics, Division Crop and Livestock Estimates, 
U. S. Department of Agriculture. Also information from various state agricultural 
experiment stations. 
Table 3. Value of cottonseed cake as a supplement to a sugar-beet by-pro<luct 
ration for fattening -cattle.' 
(Seventeen 1070-pound steers per pen fed 127 days) 
Ration 
Fed 
Wet Beet Pulp 
Beet Molasses 
Alfalfa 
Avg. Daily Gain (lbs_) 
Feed Required to Produce 
100 lbs. Gain (lbs.) 
Cottonseed cake 
Wet beet pulp .... . .. . . ... . 
Beet molasses . .. . ... .. .. .. . 
Alfalfa hay . . ... . . . . 
95.0 
4.7 
9.8 
1.54 
.6143.5 
299_3 
634.0 
Feed Cost per Cwt. Gain . ..... $ 6.51 
Cottonseed Cake 2.9 
Wet Beet Pulp . ... .. . 106.9 
Beet Molasses 4.6 
Alfalfa 7.6 
2.48 
117.1 
4305.2 
186.9 
304.2 
$ 5.69 
Feed Cost per Ton: Wet pulp, $1; beet molasses, $6; alfalfa, $8; cottonseed 
cake, $30. 
'Based on reports from Colorado Agricultural Experiment Station and Haley-Harris Company, 
Sterling, Colorado, cooperating, 1917. 
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. Table 4. Supplemental value of cottonseed cake fed in sugar-beet b y-product 
ration to fattening cattle. ' 
A: (Ten 940-pound steers per lot fed for 128 days) 
Ration 
Fed 
Wet beet pulp . . . 92.8 
Beet molasses ...... 3.4 
Alfalfa ... . .... . . .... 14.7 
Avg. Daily Gain (lbs.) 
Feed Required to Produce 
100 lbs. Gain (lbs.) 
Cottonseed cake . .... 
Wet beet pulp 
Beet molasses 
1.19 
. .. . ...... 7798.3 
285.7 
Alfalfa hay . . . . . . . . . . . .. . . . 1235.3 
Feed Cost per Cwt. Gain . . ....... $ 9.70 
Cottonseed cake 
Wet beet pulp 
Beet molasses 
Alfalfa 
B. (Ten 1100-pound steers per lot fed for 118 days) 
Ration 
Fed 
Wet beet pulp ........ 120.0 
Beet molasses . . . . . . 3.8 
Alfalfa 14.6 
Avg. Daily Gain (lbs.) .. . ... . ... . 1.97 
Feed Required to Produce 
100 lbs. Gain (lbs.) 
Cottonseed cake 
Wet beet pulp 
Beet molasses 
Alfalfa hay 
Feed Cost per Cwt. Gain 
... 6009.1 
192.9 
741.1 
$ 6.55 
Cottonseed cake ... 
Wet beet pulp 
Beet molasses 
Alfalfa .. . .. . . . 
1.4 
92.3 
3.4 
11.7 
2.16 
64.8 
4273.1 
157.4 
541.7 
$ 5.75 
1.5 
. . 128.8 
3.8 
17.5 
3.5g 
41.8 
3587.7 
105.8 
487.5 
$ 4.69 
' Based on reports from Montana Agricultural Experiment Station, 1928-29 and 1929-80, re-
spectively. 
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Table 5. Value of millrun bran as a supplement to sugar-beet by-product 
rations for fattening beef cattle. l (107-day feeding test.) 
I 
Ration Fed I Dai.ly I Feed Required I Total Dry I Gain 
Alfalfa Gam (Per lb. Gain) Matter Cost (¢) 
Millrun I Wet Beet l Per Steer I Bran, I Wet Beet Cons,!-med Per Lb. 
Bran Pulp (Lbs.) Alfalfa Shorts Pulp DaIly 
I 
I 
\ I Full Full 0 1.6 . 9.8 4.6 12.06 8.0 
Full 0 Full 1.5 11.5 31.4 13.05 6.2 
Full Full Full 2.3 7.2 3.2 17.0 10.68 6.6 
Full % Full 1.8 9.2 2.0 19.1 11.65 6.4 
% Full 
/ 
Full 2.0 4.3 3.6 21.3 8.87 6.0 
lUtah Agr. Exp_ St&. Bul. 90 (1904) by L. A. Merrill and R_ W. Clark. 
Table 6. Mineral matter in 10(}0 pounds of some representative livesto'ck feeds. 1 
Minerals per 1000 lbs. Feed 
Feed 
I I I I I I K Na Ca Mg Fe S P 
1 
I Wheat . .. .1 4.4 1.2 0.4 1.3 0.16 2.2 3.76 
Shorts (standard I 1 wheat middlings) 9.8 I 1.0 I 0.6 3:3 I I 
2.2 
I 
9.22 
1 
I Wheat bran . . . . . ... . 1 13.4 1.8 I 0.6 4.4 0.24 2.7 12.89 1 1 1 
I Oats .. ... . .. . ..... . 1 4.6 1 1.7 1.0 I 1.2 1 0.27 / 2.0 3.54 , 1 1 1 
Cottonseed meal 
.. / 15.0 I 2.6 2.6 I 
5.2 5.90 
I 
5.0 11.67 
Linseed meal (0. P.) 1 10.5 
/ 
2.5 3.6 4.9 4.1 7.43 
1 1 I 
Beet pulp (dried) 3.2 1.6 6.6 2.5 1.01 1.2 1.10 
Corn stover 10.7 4.8 4.7 0.8 0.50 1.7 2.00 
Alfalfa hay 
. ·1 18.5 4.2 13.9 3.6 1.17 3.1 2.40 
1 
1"Feeds and Feeding." By W. A. Henry and F. B. Morrison. (18th ed.) : 752. 1923. 
Table '1. Phosphorus and calcium content and ratio in a verage daily ration fe d per s teer. 
Ration 
1 No supplement . ... II 
2 Cottonseed cake . . '. . 
3 Steamed bonemeal 
4 Millrun bran 
5 Barley . . . .. . . . . . 
I 
1 No supplement . ... II 
~ Cottonseed cake .. . I 
3 Steamed bonemeal 
4 Millrun bran 
5 Barley . . . 
P 
(Ibs.) 
.03553 
.06282 
.05380 
.06008 
.04298 
.02253 
.04741 
.03978 
.04687 
.02959 
I 
Phosphorus II Calcium II 
II II 
P P~05 Ca Ca CaO P ICA (grams) (grams ) (Ibs.) (grams ) (grams) 
First Experiment: February 9, 1932--May 19, 1932 
\ 
I I I 
16.12 36.9 .2390 I 108.42 151.7 1:6.7 
28.50 65.3 .2618 
1
118
.
77 166.2 1:4.2 
24.41 55.9 .2999 136.04 190.4 1:5.6 
27.25 I 62.4 .2510 I 113.85 159.3 1:4.2 19.50 44.7 .2344 I 106.31 148.8 1:5.5 
I I 
Second Experiment: January 16, 1933-June 15, 1933 
10.23 
21.51 
18.04 
21.26 
13.42 
23.4 
49.3 
41.3 
48.7 
30'.7 
.1467 
.1611 
.2034 
.1677 
.1489 
66.55 
73.08 
92.25 
76.09 
67.52 
93.12 II 
102.26 I 
129.09 
106.47 
94.48 
1:6.5 
1:3.4 
1:5.1 
1:3.6 
1:5.0 
Ratio 
P20 5 1 
CaO 
1·:3.1 
1:2.0 
1:2.6 
1:2.0 
1.:2.8 
1:4.0 
1:2.1 
1:3.1 
1:2.2 
1:3.1 
Average 
Gam per per Cwt 1/ . I Co, t 
Steer (lbs. ) Gain ($ ) 
109.4 
213.3 
221.5 
223.8 
188.3 
91.6 
205.0 
251.3 
250.8 
193.5 
I 
10.79 
7.77 
6.37 
6.77 
8.07 
8.42 
6.24 
4.13 
4.70 
5.83 
1.'1:) 
0) 
t:d 
~ 
Z 
Z 
9 
1.'1:) 
0) 
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'rabIeS-A. DIDTAILEID REC'OR'D OF CALCIUM AND PHOSPHORUS BLOOD CONTENT OF INDIVIDUAL S'l'EIDRS. 
A: R esults secured with individual steers fed basal ration of we t bee t pulp. b eet molass es, alfalfa hay. a nd salt.] 
Lot No. 
2 
II 
3 4 5 
Steer I II S~~~r I Steer Steer II Sre" No. Ca P Ca P No. Ca P No. Ca P No. Ca I . p 
January 21 to 24, 19332 
I I 
I 
I 
3 13.50 2.87 1 12.00 2.30 2 12.00 1.89 7 18.50 2.56 5 13.25 2.52 
12 13.00 2.71 6 13.00 2.18 4 11.25 2.68 13 12.00 3.16 8 11.75 3.76 
22 14.00 3.07 10 11.75 2.47 16 13.50 3.65 21 12.50 2.72 23 12.00 2.78 
29 13.75 2.26 15 13.75 2.15 18 13.50 3.40 24 14.00 1.74 28 13.25 2.91 
40 13.75 2.54 25 14.00 1.67 32 11.00 3.51 26 11.25 2.93 31 12.50 3.46 
41 12.00 2.59 30 13.00 3.10 33 11.25 2.75 34 11.75 2.38 36 10.50 2.96 
46 
! 
11.50 2.79 42 I 13.76 I 2.21 14 12.00 2.47 35 14.00 1.69 44 13.00 3.21 49 13.75 2.24 43 13.75 5.23 48 16.00 2.72 45 13.75 3.73 50 11.75 2.49 I I 
Avg. II Avg. 3.01 
II II Avg. 
II 
13.13 I 12.84 ~l Avg. II 2.41 Avg. 13.16 2.63 12.56 2.88 2.61 12.25 
No significant difference between lots as determined by the usual Z test. 
lMgms. per 100 cc. blood plasma. 
2Before phosphorus supplements were added. 
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Table 8-B. DETAILED RECORD OF CALCIUM AND PHOSPHORUS BLOOD CONTENT OF INDIVIDUAL STEIE iRS. 
B: Results secured with individual steers fed basal ration with supplement added. 
Supplement Added 
None Cottonseed Cake Steamed Bonemeal !I Millrun Bran II Ground Barley 
Lot No. 
2 
II 
3 
II 
4 
II Steer I Steer Steer I Steer P II No. Ca P No. Ca P No. Ca P No. Ca Steer No. Ca 
February 28 to March 4, 1933-Approximately 38 days after supplements were added 
I I I 3 13.3 I 3.13 1 13.5 4.49 12 13.0 3.25 35 14.3 4.07 22 13.0 4.13 6 13.8 3.54 
29 15.0 3.13 43 13.5 4.55 
40 13.5 3.73 15 14.0 4.07 
41 12.8 3.70 42 14.3 5.38 
46 14.0 3.91 10 13.0 4.39 
49 13.0 3.85 30 14.0 4.52 
-
-_ ._---
Avg. 13.4 3.60 1\ Avg. 13.8 4.38 
Calcium significant difference with probability of .05= .74 
Calcium significant difference with probability of .01=1.00 
14 
48 
2 
16 
18 
33 
32 
4 
II Avg. 
1\ 
I 
13.3 4.74 21 
13.5 6.25 45 
12.8 6.29 34 
12.8 5.71 13 
14.5 4.17 24 
14.3 5.38 26 
13.0 6.58 35 
13.5 5.65 7 
13.5 
II 
5.60 II Avg. 
II 
14.0 6.67 
14.0 4.55 
14.8 4.52 
14.0 7.04 
14.5 4.39 
11.3 5.95 
14.5 3.57 
14.0 6.62 
13.9 5.41 
50 
44 
5 
23 
8 
36 
28 
31 
III Avg. 
II 
15.8 
14.0 
15.3 
14.5 
14.8 
15.3 
14.0 
15.3 
14.9 
Phosphorus significant difference with probability of .05= .79 
Phosphorus significant difference with probability of .01= 1.07 
March 28 to April 1, 1933-Approximately 66 days after supplements were added. 
I 
3 1"·75 I 2.66 1 12.50 4.76 12 • 16.00 2.62 25 11.25 3.82 22 15.00 2.67 6 13.00 3.33 
29 . I 14.50 3.03 43 12.00 4.90 40 15.00 2.44 15 11.50 I 4.20 
41 
I 
14.00 2.63 42 12.25 
I 
3.94 
46 16.50 2.63 10 11.00 4.24 
49 15.00 I 2.67 30 12.75 3.76 
I 
Avg. 15.22 I 2.87 II ' Avg. 12.03 4.12 
Calcium significant difference with probability of .05= .68 
Calcium significant difference with probability of .01= .91 
8Blood laked 
14 
48 
2 
16 
18 
33 
32 
4 
Avg. 
I I 
12.25 5.00 21 12.00 5.263 50 12.75 
12.00 5.29 45 12.75 4.85 44 11.75 
12.00 5.24 34 13.25 3.76 5 13.25 
13.00 5.68 13 12.25 4.95 23 13.00 
13.25 4.46 24 12.75 3.68 8 12.00 
12.50 5.75 26 
I 
13.25 4.55 36 12.75 
12.25 5.52 35 12.50 3.45 28 13.50 
11.25 4.81 7 12.25 5.623 31 11.50 
12.31 5.22 II Avg. 12.63 4.52 \I Avg. 12.56 
Phosphorus significant difference with probability of .05= .61 
Phosphorus significant difference with probability of .01= .82 
1 
\ 
I 
I 
I 
I 
P 
3.38 
4.35 
3.02 
3.37 
4.42 
3.31 
3.16 
4.35 
3.67 
2.25 
3.62 
3.29 
3.23 
5.13s 
3.09 
2.96 
3.88 
3.43 
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Table S.D. (Continued.) 
Supplement Added 
None Cottonseed Cake Steamed Bonemeal Millrun Bran II Ground Barley 
Lot N o. 
-I  2 3 4 Steer Steer Steer Steer Steer No. Ca P No. Ca P No. Ca P No. Ca P No. Ca 
April 27 to 29, 1933-Approximately 95 days after phosphorus supplements were added. 
I 
! 3 I 14.00 2.50 43 12.00 4.12 14 . 12.25 4.88 21 11.50 4.31 60 13.00 . 12 I 13.60 2.42 1 11.60 5.32 48 12.50 4.74 45 12.00 4.90 44 13.00 
22 I 14.00 I 3.45 15 13.00 4.85 2 11.50 4.85 34 12.00 3.38 5 13.00 
29 
I 
13.25 I 2.30 6 12.00 3.40 16 12.00 4.62 18 12.00 5.88 23 13.00 40 13.00 2.63 10 11.50 4.50 18 12.00 3.76 24 12.00 3.23 8 12.50 
41 14.00 
I 
2.56 42 12.50 4.46 83 12.50 4.83 26 12.00 5.32 36 11.25 
46 12.50 2.66 25 13.00 2.50 32 12.25 5.57 35 12.60 4.17 28 . 13.00 
49 13.00 2.27 30 12.00 5.05 4 12.60 4.65 7 11.00 5.00 31 12.00 
I I I 
Avg. 13.41 I 2.60 II Avg. 4.71 4.52 :11 Avg. 12.19 4.28 II Avg. II 
" Avg. 12.19 I 11.88 12.59 
Calcium significant difference with probability of .05= .81 Phosphorus significant difference with probability of .05= .72 
Calcium significant difference with probability of .01= 1.10 Phosphorus significant difference with probability of .01= .97 
May 29 t o June 3, 1933-Approximately 128 days after supplements were added. 
I 
I 
3 14.8 2.50 43 I 13.5 4.85 12 13.8 2.98 1 12.5 4.74 22 14.0 3.82 16 13.0 4.39 29 • 6 13.0 8.86 
40 13.6 3.29 10 
I 
13.3 5.26 
41 14.3 3.21 42 13.3 4.59 
46 13.3 3.18 25 13.0 8.45 
49 14.8 2.78 80 12.5 4.48 
1 I 1 
Avg. 14.1 3.11 II Avg. 18.0 4.45 
Calcium significant difference with probability of .05= .68 
Calcium significant difference with probability of .01= .79 
SBlood laked 4Steer died 
1 
14 
48 
2 
16 
18 
33 
32 
4 
II Avg. 
1 
. 18.7 4.13 21 12.5 5.68 50 13.5 
12.3 4.35 45 12.5 6.81 44 12.3 
12.6 4.64 34 12.8 4.69 6 12.5 
13.0 4.89 18 11.6 5.43 23 13.0 
13.6 8.68 24 12.5 4.63 8s 12.6 
12.8 4.64 26 12.0 4.41 36 12.0 
18.0 5.38 I 86 11.0 4.42 28 13.2 18.5 3.82 7 13.0 4.76 81 13.6 
18.0 4.85 II Avg. 12.2 4.98 II Avg. 12.8 
P hosphorus significant difference with probability of .05= .54 
Phosphorus significant difference with probability of .01= .63 
I 
I 
I 
P 
2.22 
3.40 
2.88 
3.52 
4.39 
3.03 
3.09 
4.24 
3.35 
2.98 
4.39 
3.66 
3.47 
4.54 
3.85 
3.55 
3.42 
3.73 
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SUMMARY 
1. Steamed bonemeal, cottonseed cake, and millrun bran, re-
spectively, were added as phosphorus supplements to a phos-
phorus-deficient cattle-fattening ration consisting of wet beet 
pulp, beet molasses, alfalfa hay, and salt. 
2. The addition of these supplements to the beet by-product 
ration fed to steers eliminated characteristic pica, greatly im-
proved the appetite, and produced significant increases in gains 
in live weight and reductions in feed cost per unit gains. 
3. While both millrun bran (0.84% P) and cottonseed cake 
(1.33% P) produced satisfactory results in fortifying the beet 
by-product ration against a phosphorus deficiency, steamed 
bonemeal (14.48% P) proved most efficient in this respect. 
4. When added to the beet by-product ration, ground barley 
(0.21 % P) increased gains in live weight and decreased feed 
costs somewhat but did not remedy, in a satisfactory manner, 
the phosphorus deficiency of the ration. 
5. Significant increases in the phosphorus content of the 
blood plasma of steers fed in the experiments resulted from the 
use of each of the three phosphorus supplements used. 
6. Two experiments and an Extension demonstration indi-
cated the high value of steamed bonemeal and other phosphorus 
supplements when added to beet by-product rations for fatten-
ing steers. In the first cattle-feeding experiment, the phos-
phorus supplement was responsible for a net saving in feed cost 
of $9.07 per steer; in the second feeding experiment $13.37 per 
steer was saved; and in the Extension demonstration a greater 
net return of $10.35 per head was obtained. 
